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The computer program OTRIM is described and results are 

presented for some simple cases. The program calculates corr- 

ections to be applied to the transverse positions of the Main 

Ring quadrupoles. The input data consists of a set of meas- 

urements of the transverse position of the closed orbit relative 

to the quadrupoles -- the beam sensor readings. The basic 

program assumes one beam sensor for each transverse direction 

at each Main Ring station i.e. Q one beam sensor for each 

transverse direction per quadrupole. An arbitrary beam sensor 

configuration may be introduced simply by specifying, in the 

input data, the numbers of the beam sensors of the basic con- 

figuration which are inoperative. The results o‘f some simple 

misalignment cases indicate that, in principle, OTRIM can re- 

duce the closed orbit deviation by factors Q lo8 when all beam 

sensors are operative. With 10% of the beam sensors inoperative, 

the maximum reduction factor ranges from Q 20-40 (inoperative 

beam sensors arbitrarily distributed) to <2 (inoperative beam 

sensors are consecutive). The case in which there are beam 

sensors at only the F quadrupoles in a given plane was also 

considered in order to obtain an indication of the loss of 

correction power in the event that it was desired to halve 
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the system cost. The results for this case indicate a 

maximum correction factor Q 20-40. While this factor is 

probably adequate, it must be noted that, in actual practice, 

it will be further reduced by inoperative beam sensors, by 

errors in the beam sensor readings and the position corrections 

applied to the quadrupoles, and perhaps by non-linear effects. 

Thus it is rather doubtful if the halved system would be 

adequate in actual practice. 

Introduction 

The position of the closed orbit with respect to the 

beam elements of a synchrotron is determined by the magnetic 

fields and the positions of the beam elements. In this report 

we will show how errors in the positioning of the beam elements 

may be reduced by knowledge of the closed orbit position at 

a number of points around the accelerator -- the beam sensor 

readings. Since there are more beam elements than,beam sensors 

in the present case, we cannot hope to uniquely remove a given 

position error. 

The Main Ring of the NAL 200 GeV accelerator has six 

superperiods and uses a separated function lattice. The most 

critical alignment requirements are for the transverse (hori- 

zontal, i.e. radial; vertical) location of the quadrupoles. 

Thus the errors in the transverse location of the quadrupoles 

are the only beam element position errors that we consider. 

Laslett has calculated' that the quadrupoles must be located 

with an accuracy of .Ol in. in these directions for a 75% 
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probability that the corresponding closed orbit deviation is 

contained within a width of 1 in. 

The positioning of the quadrupoles may be considered to 

be achieved in three steps - 

(a) Construction survey in which the quadrupoles are 

located using the station markers2 which were placed to an 

accuracy % l/16 in. during construction. 

(b) Refined survey using precise levels, tapes and an 

alignment laser. The wire alignment system described in the 

NAL Design Report has recently been discarded. The refined 

survey will probably be done one lattice cell at a time. Its 

accuracy should be such as to achieve a circulating beam. 

(c) Final positioning of the quadrupoles using the beam 

sensor readings as described in this report. This same cor- 

rection scheme may be used to relocate the quadrupoles if 

the closed orbit happened to move during the life of the 

accelerator. 

Theory 

In Figure 1 is shown the arrangement for the first of the 

six superperiods of the Main Ring. There are 14 standard 

cells (C) a half cell (DF), a medium straight cell (CM) and 

a one half cell replacement containing the long straight 

section (FLD). The parameters for all of these cells are 

taken from the report by Garren3. Small changes to the FLD 

section were made by Bellendir and Teng' during the progress 

of this work. They have not been included. 
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The following notation is used in reference to the com- 

plete Main Ring - B(I), I = 1,210 - the beam sensors which 

measure the closed orbit displacement relative to the appro- 

priate beam element. This information is then used to correct 

the quadrupole positions. It is assumed that a beam sensor 

is located at each station marker, including the one at the 

center of the long straight section. 

Y(I), I = 1,210 - the spy station beam sensors. This infor- 

mation is not used to correct the quadrupole positions. Its 

sole use is to enable us to investigate the remaining closed 

orbit deviations at points intermediate to the B(1) after 

the quadrupole positions have been corrected. In the present 

case the spy stations are somewhat academic as we would not 

expect their readings to differ significantly from those of 

the beam sensors B(1) because of the small separation between 

B(1) and Y(1). 

H(I), I = 1,222 - the transverse displacement of the Ith beam 

element. From Figure 1 we note that the I = 2,3,36,37, etc., 

elements are quadrupole doublets whereas the remaining elements 

are singlets. The main reason for this choice of beam elements 

is to obtain a program which does not exceed the available 

space in present large computers (CDC 6600, IBM 360/75). 

Because of the small separation between members of the above 

doublets, the assumption of no relative displacement of the 

members is probably quite accurate. Notice also from Figure 1 

that there is no quadrupole associated with H(l), H(38) etc. 
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In this report we use the correction scheme which has 

been described by Laslett and Lambertson5. We define the 

matrix S with the equation 

B =SH (1) 

where B and H are given by 

B i.e. column matrix of beam sensor 
readings, NB = 210 here 

H= 
I . 
H(1) 
H(2) 

. 

. 

. 

H&H) 
\ ' 

i.e. column matrix of displacement 
of accelerator components. 
NH = 222 here 

We assume that the horizontal plane motion is not coupled to 

that of the vertical plane. Thus the two directions are 

computed independently and each has its own S matrix. The 

S matrices are computed by the program SYNCH' and the details 

of this computation are given in Appendix 1. For the combined 

function machine that they considered, Laslett and Lambertson 

found it convenient to displace the beam elements in gangs 

rather than individually. Thus if G is the ganging matrix 

for the gang scheme chosen, we have 

B = TH (2) 

where T = SG. Although we only consider individual displace- 

ments (G = 1) , our calculations are set up so that any desired 

G matrix may be introduced. 
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In practice we will be faced with the situation where 

the B matrix is given by a set of beam sensor readings and we 

wish to find the set of displacement corrections Hc which are 

to be applied in order to give a zero B matrix. Ideally we 

would invert (2) and obtain 

Hc = -H = -T -I B (3) 

In general T is not square and so the above step is not 

possible. Furthermore, it is not possible even when T is 

a square matrix because B contains only relative beam dis- 

placements and thus a unique Hc does not exist, i.e. T has 

a zero value determinant. Thus it .is necessary to use a 

different approach from that of Eqn. (3). From Eqn. (2) we 

have 

i% .T 
-- 

=HTT (4) 

where E is the transpose of B, etc. Laslett and Lambertson 

show that Eqn. (4) also results if one fits the beam sensor 

readings by least squares. We define the matrix M by 

M=rT (5) 

Thus M is a symmetric matrix with either zero or positive 

eigenvalues. If the Kth eigenvalue and normalized eigenvector 

are respectively h K and VK we have 

MvK = AK vK (6) 

We then expand H in terms of the VL 

H= CLALVL (7) 

By multiplying Eqn. (4) by VK from the right and using Eqns. 

(5), (6), (7) we obtain 
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AK = i%TVK 

AK 
(8) 

Next we define the Q matrix from 

iTIc = -Kc BQ (9) 

Thus from Eqns. (71, (8), (9) we have 

TVL@ 
Q = -c 

AL 
(10) 

L 

Laslett and Lambertson also note that the sum of squares of 

the beam sensor readings is given by 

C B2 (I) = g3 = C AL A2 T (11) 
I L u 

i.e. the component of this sum due to the Lth eigenvector is 

proportional to XL. Thus Eqn. (11) shows that the small 

eigenvalues and their eigenvectors can be dropped from the 

sum over L in Eqn. (10) (of course, the X=0 ones must be 

dropped) and the result will not be greatly affected. This 

is the key point of the Laslett and Lambertson method. They 

found that dropping the small eigenvalue eigenvectors from the 

Q sum reduced the closed orbit deviation at points intermediate 

to the beam sensors in some cases. This effect should not be 

large in our case as we have Q 1 beam sensor per quadrupole. 

They also found that the total amount of corrective displace- 

ment was significantly reduced as small eigenvalue eigenvectors 

were omitted. In practice we calculate several Q matrices and 

investigate the behavior of Hc as the number of omitted 

eigenvectors is varied. 
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Computer Program OTRIM 

The computer program OTRIM performs the computation of 

the displacement corrections Hc to be applied to the quad- 

rupoles from a given set of beam sensor readings B. The 

program uses two magnetic tapes. Tape 3 is the input tape 

(read only) containing the SYNCH output and obtained as set 

out in Appendix 1. Tape 4 is a scratch tape (both read and 

write). 

The input data sets required are as shown at the top of 

Figure 2 and will be described here in detail -- 

First Set (1 card only) Format (1615). This is the program 

instruction card and contains, in order, the input values for 

the following variables: 

ITEST = 0 - beam sensor readings to be input with punched 

cards 

= l- run test case for which only non-zero dis- 

placement is H(2) = +l.O and beam sensor 

readings are obtained by OTRIM from SYNCH 

output <(Tape 3). 

ISPY = 0 - skip spy stations 

= l- calculate closed orbit displacement at spy 

stations after corrections Hc have been 

applied to beam elements. It is run only 

for test case, ITEST = 1. 

NHOR = 0 - skip horizontal plane 

= l- run horizontal plane 
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NVERT = 0 - 

= l- 

KAPUTH - 

KAPUTV - 

NVCHEK = 0 - 

= 1 - 

NHARM = 0 - 

= l- 

NNNQ - 

skip vertical plane 

run vertical plane 

the number of inoperative beam sensors for 

the horizontal plane. 

the number of inoperative beam sensors 

for the vertical plane. 

skip orthogonality test on eigenvectors of FT. 

perform orthogonality test. 

skip the harmonic analysis of GV. 

perform the harmonic analysis of GV. 

the number of Q matrices which are to be 

calculated. This number must be sufficiently 

small to allow them to be written on the 

scrhtch tape (Tape 4). Using NNNQ = 6 re- 

quires that Tape 4 be 2400 feet with density 

800 b.p.i. This resulted in frequent parity 

errors so we have usually taken NNNQ = 5 

and 556 b.p.i. 

Second Set Format (1615) KAP(J), J=l, KAPUTH. The identi- 

fication numbers of the beam sensors which are inoperative 

(i.e. no available reading) in the horizontal plane. 

Third Set Format (1615) NQ (J) , J=l, NNNQ. The numbers of 

small non-zero eigenvalue eigenvectors that are to be dropped 

from the horizontal plane Q matrices. These numbers must be 

arranged in descending order. For NB<NH (our case) the 

smallest NQ(J) may be NQ(NNNQ)=O. However, if NB=NH, the 

smallest allowable NQ(J) is NQ(NNNQ)=l (see later). 
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Fourth Set Format (8F10.4) BS(J), J=l, NB. The beam 

sensor readings for the horizontal plane. The number fields 

of inoperative beam sensors remain blank. For test case runs 

(ITEST=l) no BS(J) data set is required as OTRIM obtains the 

appropriate data from the SYNCH output. 

Fifth Set Format (1615) RAP(J), J=l, KAPUTV 

Sixth Set Format (1615) NQ(J), J=l, NNNQ 

I 

vertical plane 
data 

Seventh Set Format (8F10.4) BS(J), J=l, NB 

When both horizontal and vertical planes are to be 

computed, the order of the input data must be as above. If 

only one plane is to be computed, the input data consists of 

the instruction card and the three sets corresponding to that 

plane. 

A listing of OTRIM is contained in Appendix 2 of this 

report. The operation of the program is outlined by the 

flow diagram in Figure 2. The program begins by reading into 

the columns of a matrix SY either the horizontal plane or the 

vertical plane SYNCH output, according to the instruction 

card. The SYNCH output gives the absolute displacements of 

the closed orbit for the sequential displacement of the first 

superperiod quadrupoles by 1 unit. The SYNCH displacement 

sequence is shown in Figure 1. We require the displacement 

of the closed orbit relative to the beam elements - i.e. the 

beam sensor readings. Also we must include matrix elements 

corresponding to the beam sensors at the center of the long 

straight sections. Thus OTRIM sets up the required S matrix 
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as follows - 

S(l,l) = -1. 

S(I,l) = 0. 

S(I,J) = SY(I,J-1) 

S(I,J) = SY(I,J-1) - 0.5 

S(I,-J) = SY(I,J-1) 

S(I,J) = SY(I,J-1) - 1.0 

S (I,J) = SY(I,J-1) 

S(I,J) = SY(I,J-1) - 0.5 

(12) 
I = 2, NB 

I = 1, NB but I # 2. 
(13) 

I 2. = 

I = 1, NB but I # J-l. J = 4,35 
(14) 

I = J-l J = 4,35 

I = 1, NB but I # 35. 
(15) 

I = 35. 

Eqn. (12) gives the elements corresponding to the beam sensor 

at the center of the long straight section. In Eqn. (13) it 

has been assumed that the displacement of beam sensor B(2) is 

given by l/2 (H(2) + H(3)). A similar assumption is made for 

B(35) in Eqn. (15). The remaining beam sensors are assumed 

to be fixed to the adjacent quadrupoles - Eqn. (14). Eqns. 

(12), (13), (14), (15) set up l/6 of the S matrix. The re- 

maining S/6 of this matrix is obtained by cyclic symmetry 

s(I+; N x NB, J+z x NH) = S(I,J) (16) 

with N an integer. The indices I and J are modulo NB and NH 

respectively. 

OTRIM next proceeds to calculate the matrix T=SG. We 

have simply used G=l in this work, but any desired ganging 

matrix may be introduced at this point. Since we measure 

only relative displacement of the closed orbit, the displace- 

ment of all beam elements uniformly by 1 unit (horizontally 

or vertically) should produce no change in the closed orbit. 
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Thus the program checks for zero sum of the elements of each 

row of the T matrix. In fact the sums for the vertical di- 

rection may be Q 1 x 10v2 due to slight vertical focussing 

at the entrance and exit planes of the bending magnets. 

The inoperative beam sensors KAP(J) are allowed as the 

next step in the computation. The corresponding rows are 

dropped from the T matrix and the resulting reduced matrix 

is the R matrix. The matrix M = ER is then computed. KAp (1) , 

T and M are all stored on the scratch tape for subsequent use. 

The non-zero eigenvalues and their associated eigen- 

vectors are computed and arranged in descending order by the 

subroutine EIGEN 7 for the matrix M. If NR is the number of 

rows in R and NR < NH (the present case) then the number of 

non-zero eigenvalues is NR. Thus the arguments of EIGEN are 

set up so as to compute for the NR largest eigenvalues. If 

we had a case where NR = NH, then the last of the NR eigen- 

values computed would be zero (see below Eqn. 3). Thus for 

the NR = NH case the minimum value for NQ (NNNQ) is 1. 

If NVCHEK = 1, then subroutine VCHEK checks that the 

eigenvectors of M are orthonormal using the equations 

v1 M VJ = hJ I J = 
(17) 

= 0 IfJ 

The subroutine assigns a limit of (10 -lo + 2 x 10 -8 XJ) 

to the difference between left and right sides of Eqn. (17). 

Typically Q 10% of the smaller eigenvectors fall outside this 

limit by c\I 10 -9 and this is considered quite satisfactory. 
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If NHARM = 1, subroutine HAR will perform the harmonic 

analysis of GVL. For each non-zero eigenvector, OTRIM lists 

the four largest amplitudes and their frequencies. In the 

present case the harmonic analysis is unreliable and should 

be omitted because it assumes equal argument increments 

whereas in fact the H(1) are spaced as shown in Figure 1. 

The harmonic behavior of the Main Ring is best understood 

by studying its harmonic response as shown in Appendix 3. 

OTRIM is now ready to compute the NNNQ Q matrices which 

involve the omission or various numbers NQ of small eigen- 

value eigenvectors. For reasons of computer economy the 

program calculates one column of all NNNQ Q matrices and 

stores these NNNQ columns as a record on Tape 4. It then 

proceeds to the next column of all Q matrices, and so on, until 

all NNNQ Q matrices are complete. 

Each Q matrix is then read back from Tape 4 and the 

program computes the recommended displacement corrections 

HQ (equivalent to Hc) from Eqn. (9) and the total correction 

motion HQTOT. 

HQTOT = z 1~0.1 (18) 

For the test case the residual beam sensor readings BE are 

computed 

BE = T (H+HQ) (19) 

Also for the test case the subroutine NUMBER computes the 

maximum beam sensor reading, the r.m.s. beam sensor reading 

and the r.m.s. value of the local maxima of beam sensor 
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reading,. These parameters are computed both before and 

after application of HQ so that the improvement may be noted. 

If ISPY = l.and the test case is being run, OTRIM will 

proceed to compute, for each Q matrix, the residual dis- 

placement of the closed orbit relative to the beam elements 

at the spy stations, i.e. the residual beam sensor readings 

at the spy stations, BSP. Referring to Eqn. (l), we now have 

B replaced by Y and it is necessary to set up the correspond- 

ing spy S matrix. It is assumed that the spy station sensors 

are fixed to the adjacent quadrupoles. Thus the procedure is 

similar to that in Eqns. (12)-(15) except that in the present 

case there is no beam sensor whose motion is determined by 

the motion of two quadrupoles as in Eqns. (13) and (15). 

Also the spy S matrix is set up directly in the SY array into 

which the spy SYNCH data has been read (beginning in column 2) 

as the s arralr of OTRIM contains data which is required later. 

Thus the equations are 

SY (1,J) = 0. I = 1, NB. J = 1 

SY(I,J) = 

SY(I,J) = 

All other elements 

SY(I,J)-1. I = 1, .J = 2 (20) 

SY(I,J)-1. I = J-2, J = 4,37 

in the first l/6 of SY will be correct 

as read in. The remaining S/6 of the matrix is obtained by 

cyclic symmetry and then the BSP values are computed. 

OTRIM has now completed the computation for the plane in 

which it started. If this plane was the horizontal plane and 

NVERT = 1, then it returns to compute for the vertical plane. 

Otherwise, the compwtation is complete and the program ends. 



-15- 

TM-200 
0402 

Results 

(a) No inoperative beam sensors, NKAPUT = 0 

In Figure 3 we have plotted the displacement in both 

planes of the accelerator components before and after corr- 

ection for the test case H(2) = +l.O. Only the components 

near H(2) are shown for two Q matrices (NQ=O and NQ=lO8) 

which correspond to the omission of 0 and 108 non-zero small 

eigenvalue eigenvectors. As NQ is reduced, the maximum 

residual error is reduced and the accelerator components are 

placed on a smooth bump relative to the undisplaced positions. 

At most, the bump extends over Q one superperiod near the 

displaced element. The remainder of the accelerator is 

unchanged. 

Figure 4 shows the variation in both planes of maximum 

,beam sensor reading1 after correction, as NQ is changed. 

The initial displacements are also shown. The general trend 

is for a reduced residual beam sensor reading as NQ is reduced. 
-8 

For NQ = 0, the residual beam sensor readings are only Q 10 . 

Even when NQ = 108 (i.e. slightly more than half the eigen- 

vectors are omitted) it is still possible to reduce the closed 

orbit deviation by a factor Q 10. The variation of HQTOT with 

NQ is shown in Figure 5. It is seen that HQTOT may increase 

by a factor 'L 2-3 as NQ is reduced over the range shown. 

As will be discussed later (Appendix 3) it is important 

that OTRIM is able to correct 20th harmonic (integer closest 

to v) disturbances. Figures 6, 7, and 8 show the results when 
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the 20th harmonic disturbance extended Q 1 wavelength. As 

NQ is reduced the beam elements are moved from their disturbed 

positions on to a small smooth bulge. Residual beam sensor 

readings Q 10 -8 are theoretically possible in this case also. 

In Figure 8 we see that HQTOT tends to oscillate about the 

initial.sum, first increasing and then decreasing as HQ is 

reduced. 

Figures 9 and 10 present results for a disturbance of 

2, 1 wavelength of 40th harmonic. They indicate that smaller 

(factor 2-4) residual beam sensor readings are possible, but 

otherwise are similar to 20th harmonic case. 

(b) 96 inoperative beam sensors, NKAPUT = 96 

This case is interesting because it indicates whether 

we can hope to obtain sufficient information by placing beam 

sensors for a given plane at only the focussing quadrupoles 

for that plane, i.e. where the beam width function is a 

maximum. S&h a scheme would represent a large financial 

saving. It is in contrast to (a) above where each beam 

sensor actually consists of a pair, one, for the horizontal 

plane and one for the vertical plane. In the present case 

we have assumed that both horizontal plane and vertical plane 

beam sensors exist at Bl, B2, B35, B36, B37, etc. Otherwise 

beam sensors exist only at QF quadrupoles in the plane of 

interest. 

The results have been plotted in Figures 11 and 12 for 

the test case H(2) = +l.O. It is seen that the reduction in 
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closed orbit deviation is now only Qfactor 20-40 in the 

most favorable case. Also the trend as NO is varied is not 

monatonic for small values of NQ. Thus it may be necessary 

to choose somewhat larger NQ values (and consequently a 

smaller reduction of closed orbit deviation) in an actual case. 

It is seen from Figure 12 that HQTOT tends to decrease slightly 

as NQ is reduced to small values Q 10. For further reduction 

of NQ HQTOT may increase slightly in some cases. 

(c) 21 inoperative beam sensors, NKAPUT = 21 

In this case we have returned to case (a) 

that 10% of the beam sensors are inoperative. 

attempt to represent an actual situation since 

and imagined 

This is an 

at any given 

time there will probably exist some inoperative beam sensors - 

say 10%. We chose 21 inoperative beam sensors in an arbitrary 

way and the results are plotted in Figures 13 and 14. It is 

seen that both the maximum residual beam sensor reading and 

HQTOT are rather slowly varying with NQ. The maximum reduction 

in closed orbit deviation is s factor 40 now and so the cor- 

rection is much poorer than in the case (a). 

Also shown in Figures 13 and 14 is the case 21 consecutive 

inoperative beam sensors for the horizontal plane. As might 

be expected, this is a severe loss of information and OTRIM 

is only able to reduce the closed orbit deviation by Q 20%. 

Discussion 

Although 

amples, these 

we have considered only a few misalignment ex- 

examples are important as Lambertson and Laslett 
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found that the single misaligned quadrupole case was the most 

difficult to correct. Also the 20th harmonic is expected to 

be the most important misalignment harmonic (Appendix 3). 

In the present accelerator, these misalignments can be largely 

corrected by OTRIM even when a significant fraction of the 

beam sensors are inoperative. This difference in behavior is 

probably due to the fact that with the present separated 

function machine there is % 1 beam sensor per focussing magnet 

whereas with the combined function machine of Lambertson and 

Laslett there was only % 1 beam sensor per 7 focussing magnets. 

For the same reason, in the present case the spy stations do 

not show residual deviations that are much different from the 

residual deviations at the beam sensors. Also in our work 

there does not appear to be excessive total component displace- 

ment HQTOT as NQ is reduced. The residual beam sensor error 

is usually mush smaller as NQ is reduced. Although it would 

be desirable to consider more misalignment examples, at present 

there appears to be no reason for not choosing NQ=O. 

The question'of whether it is sufficient to use beam 

sensors at only the QF quadrupoles of a given plane requires 

some further study before a definite answer may be given. 

The present work indicates that the closed orbit can still 

be corrected by a factor % 20-40, which would probably be 

adequate. However, it must be noted that the above correction 

factor will be reduced when allowance is made for -- 

1. Inoperative beam sensors 
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2. Errors in beam sensor readings 

3. ErrorSin position corrections applied to beam elements 

4. Non-linear effects (if there are any?) 

Thus it appears rather doubtful that it will be adequate to 

use beam sensors at only the QF quadrupoles. While such an 

arrangement may halve the cost of the beam sensor system, 

it reduces the maximum possible closed orbit correction by 

orders of magnitude. 
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Appendix 1 SYNCH Input Data 

The lattice used is that described by Garren3. The 

input is set up for the system of beam sensors and spy stations 

shown in Figure 1. The elements of the first superperiod are 

displaced 1 unit in sequence. For each of these displacements 

SYNCH calculates the position of the closed orbit, in addition 

to other parameters, at all beam sensors and spy stations 

around the accelerator. The output which is written on the 

output Tape 5 under the format (A5, 213, 5F14.8) is 2~ follows - 

Name of Matrix (RING in our case) 

Number of the beam sensor or spy staion, n. (l-420) 

Total number of beam sensors an@ spy stations (420) 

Distance from beginning to n 

Closed orbit position, horizontal plane, at n 

Closed orbit position, vertical plane, at n 

Horizontal beta function at n 

Vertical beta function at n 

The desired SY matrix is then obtained by using appropriate 

read formats in OTRIM. In the case we have considered, Tape 5 

was 2400 ft. long and 556 b.p.i. 
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Appendix 2 OTRIM Listing 

The program was kept on the CIMS tape at N.Y.U. in order 

to reduce the probability of transmission error. The corr- 

esponding control cards are shown above the listing of OTRIM 

and it is also shown where any desired changes to the program 

would be inserted. The reader should consult the CIMS User's 

Manual for explanation of how changes are made. The data 

cards shown are for a test case run (ITEST=l) including spy 

stations (ISPY=l) in the horizontal plane (NHOR=l) and with 

5 Q matrices to be calculated (NNNQ=5). The numbers of small 

eigenvalue eigenvectors to be omitted are 108, 68, 28, 8, 0 

respectively. 

In order to demonstrate how an arbitrary misalignment 

may be introduced, we have shown, at the appropriate place 

in the listing, the changes required to run the 20th harmonic 

misalignment. 



4 FI 
l-1 

--- 
- 1--1 

EOF 
GZiS63:i2, T34rJ3 *CM337 51,!,, L43’jl;. NAL REMOTE BIaSHAM 

- REhI&Q~lQlJIPUI.) ------ ..-- ~-_ --..-..-^ -.----- - ~~_--_~~-~~~.~_~~ ___.._._. ._. 
RECUEST CIMST. 
CIMS3. 

3 

REWUEST,T31L=TAPE3. 
d 

READ SYNCH l-t 

KtWlNLJI I APt51 I 

-----.-~..-.--~--.--...-----~L--------~~- ____-__.  ____~ ----J 

PROW&e. OLKLH..-- 1~NPU.~=~1’.;;..,-T.A1T43~-.-..--. ----~ 
OF -;‘;-I: RE;D;SI;N SYNCH OUTPUT SY FROM TAPE31 GENERATES S,G,T,EM(=M). 

EfG;N*DET:RMIiES 
EM=TITRANSPOSE)*T. GANGING MATRIX G=i HERE 

C E.VECTClRS AND E.VALUES OF EM. Q MATRIX IS*FOUND 
__~C--HG~IE~~_B_BBE-~,MS.~.I.I.~~LG~BR~ _B~R..SE~SDB_BL~~~*-~~.- -.. .-. .- -- -- 

C TAPE4 IS SCRATCH TAPE FOR T,M,AND AND Q/6 MATRICES 
COMMON/F2:12/ AMP,HQ,W2,KAP 
COMMON/F2,J3/ INDEXX(223),TT(223 3) NQ(29) 

llLMEhlsIrn-E~~.2~~ 
OIMENSION AMP(223),AMPMX(Q),IAMP(4),~~~~~-),HQ(223).,TEMI223) 

uL1--.--.-... 

DIMENSION GG(223,223),BS(223!,Ht223),VVJM(223) 

I____--..-.- --------- -ILLMEN.CLoN 
DIMENSION T1223~,22~223,2~31,SY(2~3,36lrS(223,2231 

ma&R2p133lr-- 
EQUIVALENCE IAMP,Wf,BS),(S,T,EM,GG)((G,SY,R,B,V,Q),(HQ,TEM)t(VALU, 

lki;i~i;t;EtBSP,VVJMI 

--.- -u.l1r333~---~ ____- 
NB=210 
NbS=ND/6 
NHS=NH/6 

.-m; s ill---.--.- ---.--. -. - . .-----_-- 

NSR=NB 
NTR=NSR 

READ 30l~~,ITEST,ISPY,NHOR,NVERT,KAPUTH,KAPUTV,NVCHEK,NHARM,NNNQ 
3tila~ FORMAT (1615) , - : 
3\,51. PRINT 3350 

1) ?,r5r.?t153 -- 

3$53 FORMAT (34HOTRIM WAS NOT ASKED TO DO ANYTHING) 
CALL EXIT 

- -ST PRINT 3&.l+LLE .? SLtlS-vc ~- 

I 
La 
0 
I 



5PY :I 1,7X5HNH 
.2X;HN”CHEK=.If%X 

I-c--------.------- ------- 

26HtiHARM=,Tl,2X5tiNNtiQ=,I~l 
_~ _- 

3&J FORMAT- (iti’i/ ,47H 
KAPUT=KAPUTH 

ORHIT ANALYSIS IN HORIZONTAL PLANE//) 

._._ G~~I.ll.~~~ ..~ ..-..- 
304~ PRINT 30813 

-.~.-- ---- -.- -~- .~.~ .~ _..._ . ~_.~ ~. ._ . .._._. 

3360 FORMAT (1HL/,45H 
KAPUT=KAPIJTv 

ORBIT ANALYSIS IN VERTICAL PLANE//) 

--~-.~ -... -.~.------..--.--._3~zjilra~~i~ - -__-.- 
DO 3093 J=l,36 

~-. ~~~-___ 

DC.I 3699 I=i,NB 
IF (NHOR.EQ.1) GO TO 3liii; --- - 
RFAD I3,~~-MN,IPDS,KK.FI .BFTXS&lI.,lj.BFTX7.BFTY7 
GO TO 3U90 

-- ----_--.__-. -. 

31&j READ (3,312i3) MN,IPOS,KKK,EL,SY(I,J),BETX7,BETY7 
3129 FORMAT tA5.213.5F14.8) 

----3f9U 
READ (3,312,<5) 

RFTX.5.RFTYStHFTX7&TY7 -~ 
EOF 

ND SYNCH FIlFb -______~- ._________ -~ _~ ._____-__.- 
CALL EXIT 

3133 CONTINUE 
67d)rt FORM&T_ (lXld15XF9.51) - I 

-------MELALiEJs 
3078 FORMATl1X212) 

-------.--.--- ..-----. .~~ ---u-- 
I--’ 

C EXPAND SY MATRIX AND SUBTRACT OUT BEAM SENSOR DISPLACEMENT TO SET 
C DISP. OF BEAM RELATIVE TO B.SENSORS. 

I 

-----+%- 

-LlLL.ilLur d --F-r 

IF I1.EQ.h GO TO 1208 
StI,J)=SY(I,(J-1)) 
GO TO 1207 ,, 

l 

CONTINEE - - 
!. I LJ . 5 

DO 1211 I=I,NSR 
DO 1211 J=4,35 

_I.E-U&Q.dHLLl;tI TO 17 I :.a --___ 
SII,Jl=SYlIrlJ-1)) 
GO TO 1211 
S(I J)=SYII,(J-I))-1. 

-Liui------ _.---.--.-- - --.- - 
DO 1215 I=L,NSR 
DO 1215 J=36,37 
IF (I.EQ.35) GO TO l.214 

~_SUIYI~~~~LL------- -~- 
GO TO 1215 

4 SiI,J)=SY(I,(J-111-b.5 
5 CONTINUE 

tiRATF55/6 flF S MATRIX 

321rJ 
----.---_121.t 

121 
121 

-t-GE 



----...-.--.-_--.~~--.--~.- ~.~- -. -.-..NSCS=:--------. .---. .-.--- --___ -----il_ _-. .-... --..-~_ 
NSRS=NSR/6 
DO ‘lg21 J=L,NSCS 
DO Ii121 I=L,NSR 

___~- - - ~. ---DR-.JQ2s -.Nz1,5-- ~~ 
IF I I+N+NSRS-NSd1 l,j23~3,<)23,1324 

b,,23 SII+N*NSRS,J+N+NSCSI=S(I,J) 
GO TO 11,21 

__-... -_- ----IL 
1221 CONTINUE 

Cl:29 FORMAT 13(2F14.8.5XII 
ONS;RUCT,GANGING MATRIX G.EXAMPLE TRIVIAL CASE G=1. 

nJzJ.+tgLL --.---~ __.--.---.- .- 
DO 1050 I=f,NGR 
IF tJ.EQ.1) GO TO iw51 

BU LUNI LNUt 
\LC;LATES T=S* 

i5R I1 
DO 1657 Jh 

;;: ROWS AND STORE IN T IEQUIV SI ROWS 
- 

TEMI J)=~J. 

-~ ~- -.---id il-I EM I: 
DO 557 K=1,NSC 

---..-..- -. -. f .JliEtiA+s.LIsKlfi& .I 1 .----_--...- --.--..--. -- ..~. ------ 
DO 1059 L=lrNGC 

1059 T(I,L)=TEM(L) 
1058 CONTINUE 

c ,CHUZ~~-SFACH RM I-II= T MATRIX 
DO iU85 I=l,NTR 
TEMI I )=j. 
DO 1385 J=l NTC 

^_.._ --- -.----- --__--- H&f&XEM1.LLtiEMdbLII)+T r J 1 
PRINT 6783,ITEMIII,I=l,NTRI 
NROW=:! 

I -.w-- 
lu 

I . -.. _ 
DO 1084 I=lrNTR 

~.~_- _- ~-~. -.. --AI? I ARSITEMLULLGL~~E~~INR n U Z 1 -___- ---.-.---.. ---- -. .- - -. -.-- -- 
1084 CONTINUE 

IF(NROW.EQ.1.AND.NHOR.EQ.~l PRINT 1083 
1~83 FORMAT (S2H***ERHOR SUM OF ELEMENTS OF T ROW GREATER ;.tiE-6) 

..-.------II -BE M~CI%T~.RIX-~~~-~SE&SJ~&~KAPU T - R 1 SwTL __.__....__ ._. ~.~~~.~ 
1FIKAPUTaEQ.S) GO TO 3162 
READ 316,:. IKAPI I I, I=:,KAPUTI 

3ibi FORMAT (1615) 
..----. . ..--.--.-Phz 1LzzL- NL -- ----~-- -.--- 

PRINT 316Q,(KAPIII,I=l,KAPUT) 
317~2 FORMAT I36HB.SENSORS CRAPPED OUT ARE AS FOLLOWS/I 
3162 CONTINUE 



Do 31192 ~=L,NTR 
3191 WRITE (41 (T(I,J)rJ=1,NTCl 

END FILE 4 
.C CALLl&AILM=_EMrR.f I.RANSPQSEI~k._.-- ---.-~-~.~ -~ 

1:j66 I=X,NTC 
DO 11,66 J=k,NTC 
EMi I, J)=d. 

~_ _. -._ _.. END. EILEw!-- -. -.._ -.--.--.--_-.-II_ --- 
C ONLY NR OF THE NTC E.VALUES WILL BE NON ZERO 

CALL TIME 4 
CALL EIGENi 

PRINT 6$7,3, 
6C70 FORMAT 11X, 

C MOVE E.VECTORS 
_____ -____~_~.----.-.-.----.-.-.-- -an-h5.a-M 

DO 620’3 J=l 
62.3d VII.J)=EM(I 

9HSTART EIG) 
EM.B,&%TCk~ALU,NR,SRNORM,LDIMl 

-. 
SRNORM 
?HSRNORM=E3$. 14) 
FROM COLUMNS OF EM TO COLUMNS OF V .a-.- P 
;NR 
.%I) 

C REAO EM 0ACK IN-FROM TAPE4 .STEP THROUGH T FIRST 
- -.- _ .~ ~-- ~~. -_B~kJL.h111-.4 ~_.__ ----~ ~_---- -- 

READ (41 (KAP(IlrI=1,KAPUT) 
DO 6223 I=l,NTR 

IF (E&;4) 623ti,6241r 
6249 PRINT 625 i 
6250 FORMAT (1~JHMISS T EOF) 

--------~- -- -.- -.~~- .-- r.AU-l3-L.T-~--_.---..- 
6230 CONTINUE 

DO 6332 I=;L,NTC 
6”322RK:;j 

._-_~.----- 
~EM(I,JI,J=P,.NTC) 

IF (EOF141 6’j33,6r186 
f,;,J(, PR TNT A,>r’7 . ..*,.. 
6i:O’ i FORMATviii2f>HCANNOT FIND EOF ON Ml 

_ ~~~LALL~ExLL--~-~.~- ---- __ 
6;/33 CONTINUE 

IF(NVCHEK.NE.ll GO TO 63911 

~ h~JudXlNIINI.lF ---~--.---_--.~ 
IF(NHARM.NE.1) GD TO ,640:) 

C FOI JRiER ANALYSIS OF G*V; RELOAD GANGING MATRIX G INTO GG.(S=r) 
CALL TIME (9HSTAKT HAR) 

----._----._~-----.-- -.-- f2Q..43l3_I=lsNGB .-- -__-._. 
nn ti7ai:j .I=1 .NT.C 

GG(I, -. -- 
-.- .-GILIt 

‘Jf?:; ___--- 6320 GG(I, 
6313 $C$N;: NUE 

‘39 K=l,NTC 
-----.anm& 4J T l&R 

‘)=i,.= 
---- 

DO 63 143 J=l, NGC 
6340 TEM(: I 

LALL- 
)=TEMtI)+GGII J)+V(J,K) 

. ___-----..- ---. 

I 
-... w .---- 

w 
I 



---.. 

AMPINGRiI=wZ(NCR1) 
___- ----..-.. -.-...---- -.-~~-. -- nll~a-r2+91Gu -.-.... ~. --- 

M=NGR2tL 
___.---__---___~_~~~~~ - ..-.- .~.. --- 

6353 AMP~L)=SQRT((W2(L))++2+0)++2) 
DO 6881 MM=1,4 

~.~.~AMPMXIMM~EAMPLLI...~ -_ -_~--_~ 
IAMP(MM 
DO 638a-L=2,NGR1 
IF(AMPIL),LT,AMPMXIMM11 GO TO 6~89 

---.-.__ -..-- AMPMXIMM-!=AMPfl ! 
IAMPIMM)=L-1 

6080 CONT I NUE 
m..  - .  .  .  .  .  . . , . * .  *  

-I_ ~---~.~~--AMEL~M1=ll,~~~ 

6b8P CONT I NU E 

. - . . 

.-----__ 

hwN-,,e-e.. . -I.--- 

PRINT 6~~82,(AMPMXIII,I=1,4),IIAMP(II,I=~,4),VALU~K~,K 
6i82 FIIRMAT ~?X4~~~F~?,5),15X,412XI3),5XE~2.6,5XI3) 

CALL TIME (~HEND HER) 
64.‘)3 CONTINUE 

TM=IAMPfMMI+I 
-___--- 

--.II-.E2dALlKi&~hr-n 
C GENERATE 13 MATRIX.NQS NQL ARE SUM LIMITS ATSM;&&LAt&GE E.VALUES RESP. 

C READR:;I&DM$TRIX IN PLACE OF GG 
&&Jl~~~-BEE*~-~~.~. ~..~ ~~~.-. ~. .------ 

READ (4) (KAPI 1),1=1,KAPUTI 
IlO. 6081 . ..lsloNTR _ _ ~. - _-~ -. .--._.. -- __-- -___. 

6ir87 READ 14) (T(I,J)rJ=1,NTC) 
READ (4) EOF 
IFIEOF,41 bQ88.6D89 

~-------. 6<,f)9 NFIAG=d - ------ 
PRINT 3ti78,NFLAG 
CALL EXIT 

6288 CONTINUE 
----.--- ew.eti-S~L;~iWNG H--IN TNIIFXX, 

=. 

.-L- 
rp 
I 

‘dO‘k95 I=l,NTR 
1FTKAPUT.EQ.D) GO TO 6396 

.~wsAP 0 
DO 6&h L-1,KAPUT 
IFIKAP(LT.EQ.1) NNKAP=1 

6097 CONTINUE 
--IFINNKAPda, I! cxLLlLm 9 5 6596 N=Nt1 -----_-- - .- -------- 

INDEXXIN)=I 
6i!95 CONTINUE 

-- .---CALrTMFI7HCTART-Q ! 
C NQ( I) MUST RUN FROM LARGEST TO SMALLEST NUMBER .Qi6 WRITTEN OVAL-~~-~.-------------.- 

READ 3P6t~INQII),I=l,NNNQI 
PRINT ~~~~J,(NQ(I),I=L,NNNQ) 

_---..__. ur3zsT-FCnHfBlNFn FOR nF FWWRU-.--. 
LF SMALL E.VECTORS++**/,1XL615) 

REWIND 4 
DO 6509 I=L,NNNP 

- 
--.- --.. ___ -6-7 TI-NR+ :- 1) 

- - NQ(l)=0 
__- 

31:177 FORMAT (4HNTC=,13,5X3HNR=,I3,5X3HNB=,I3,5X5HNNNQ=,I3) 
DO 6094 M-1,NTC 

.- _--._ - 
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6611 SYh;J)=SY(I,J)-1. 
DO 6620 J=l,NHS 
RD. 662LIdr.NB._ ~.. __.. __ 
DO 6620 NN=S.,5 

6633 
IF ( I+NN*NBS-NB 1 6633 663’0,664i; 
SYII+NN*NBS,J+NN*NHS!=SYiI,J) 

_GtLTO6625 ------- 
SY(I+NNaNRS-ND,J+NN*NHS)=SYII,J) 
CONTINUE 
DO 6650 T=l,NB 

- EE&L.I1~~--- ---..-.- ~.-.----- _- -- DO (,A5t-? .I=1 ,NU 
665s BSPl 

PRINT 6660 
____.__..._. ~-~ __... ~- -_--4~.h.L4~R~_LL6H~.LB~.~YLPDSJTION I~F RFAM AT SPY STATIONS 

lION OF QUAD POSITIONS/l 
AFTF JLLOELEECI-. 

PRINT 44lrIBSP(I),I=L,NB) 
33,) Ct-lNTI NIIF --._. _.._-- 

.-....-..-.z:L~ 1NHt~~~~B1~~1._.GU.-Ln.-87., ---.--- =? 
IF(NVERT.EQ.l) GO TO 3023 

8711 CONTINUE 
-_- -.- ---.-.-.----- -.f3XDUL .---~... 

SUBROUTINE NUMBER(CIrCMAX,CRMS,CMRMS,NB) 
DIMENSION9CI~2231 

-.-L;Y.MMON/F7d3/ Ihl.RliXX~?73).C~3744vCl774~ 
jj ~~*:~C~;:rNB 

IMAX=l 
.._ ..LMAXr ABSLLLUL- _ _..___ - -. 

DO 3fj 1=2,NB 
IF (ABS(CII)).GT.CMAX) GO TO 20 
GO TO 33 

---. .-... 2L~mA~yL?Lsuu -- -_--- _ - --..---. .- 

35 zCl;T;NUE 

. ..anfI?fr-l.L-- 
49) CMS=CMS+C(Il**2/NB 

--- 

CRMS=SQRT(CMS) 
CtNB+11=CILI 

~~~~~S~CT~~Z)).LE.ABS(~~I+L)).AND.ABS(C(I+~)).GT.ABS~C(I))) GO TD 
---- 

GO TO 6~, 

--_-A 
id 

61 II=II+L 
VC(II)=ABS(C(I+T)) 

5GUUuU F 
40 E;;gA; (1X5(10XE9.2)) 

DO lb’ I=), I I 
&-.mMS=CMMS VCfIl*+3/II - 



- dLM#&im-.l..---..~.---. .-__I 

END 

-- 

--~ 

SUBROUTINE TIME~HD) 
~.CALL.~SECflNR 1 Tl....._ -. _.. -_~-._ 

PRINT h’.i,T,WORD 
13 FDRMAT(4H:~+++Fi,.4,5X,AL:4) 

RETURN 
.~. -ENQ ..-__.. ..__ _ _..._.....__ ~ . 

r SUBROUTINE EIGEN (As c*rrLI\,*m aarc- ..#I7 I-*-, 
------- 

,B,NSUB VALU,MSUB,SKNORM,NMAXl 
CIVCNVHLUC~ AIVU t&NVECTOkS OF A REAL SYMMETRfC MATRIX 

c” SUB EIGEN RETURNS VECTORS IN COLUMNS OF EM.EIGENVALUES RETURN IN VALU, 
--s-41 S S PAT. F fiQk&LOSTOBQGE--p-- 

OIMENSION A(NMAX,NSUB), B(NMAX,NSUBI, VALU(.MSUB) 
DIMENSION 

--2- 

DIAG(223). SUPERD(2231, WVEC(2231, PVEC(223). 

- 
QVEC12231J VALL(223), Q(22311 lJ(2231, 

-.--______LhlllExlZl., FAO, V!2/7!, T!371.1! 
COMMON/F2021 DIAG,SUPERD,WVEC,PVEC 
COMMON/F233/ INDEXIT 
EQUIVALENCE IWyEC,VALL, 

1-.---- 
FACTOR+), 

~rl2dSER~r (TFMP. 
IPVEC,QVEC,QrV)r (Il,THI, 

: 
(DIv,SCALAR,TAU), 

T_J), lSUM.MATCHI. Il.Pi. 
IANOkM2,ANORM,SUPERD(223))r 

-~ ___.-. 

(VTEMP,VNORM2,VNORM,INDEXo) 

---_--.A-. 
DATA IE1=2.dE-14) 

_ HOUSEHOLn Tn m&L&(UgAE.nRM___ ._______I_____ ~__ ______ ..-.-... FR 
N=NSUB 

~&&AR.LI.YTRANSFnRMAT I IlN 

M=M<IIR 

12=11+1 
IF(12.GT.N) GO TO 16~ 

.---I_-__ SIIM=B,D 
DO 70 J=I2,N 

-_--- -___-----.-~ 

70 SUM=SUM+A(J,I)+*2 
IF ISUMI ?5,L60,75 

---- __-- ___.- --e75a- -- 
TEMP=A(J,I) 

___- 

SUM=SQRTF(SUM+ TEMP 

-%rLl!.J-&QRIEL ..-. 

*+2 I 
=-SIGNFISUM TEMP 

DIV=SIGNF( 
. ..r.LLll*& 

DO 85 J=I2rN 
WVEClJ )*SUM, TEMP 

.el_uslWl-- ..-. --- -----__-- .~-.- .- 

--- -- 

PVEC(J)=Q.O 
DO 98 K=I1 N 

- ----.-_.---__~__ 
SCALA1 

Kl 

95 CONTINUE 
SCALAp=SCALAR/Zd 

-_--_.~- Rn-Lzs .!=ll:N -I__-- --.. --.-- 



I _ - - . .  . . - - . - -  - . - - . - . - . _  1 2 i .L  

C  

A l K ,J l = A (K,J )-(w V E C ( K ) 9 Q V E C o + W V E C ( J ) a Q V E C ~ K ~ ~  
A l  J ,K I= A fK , J ) 
C  Q N T  L M IE  ._ _ _ . _ -. ..-. _ _ . _ -_ -_  -- ---..- -  
IF  (M ) i 6 :j , Ib i s , 1 3 , 

._ _  

S A V E  R O T A T IO N  F O R  L A T E R  A P P L IC A T IO N  T O  C O -D IA G O N A L  V E C T O R S  
~ 3 i i  D O  i 5 i 3  K = Z ,N  
-. IE M P r i h k  _ ._ _ _ _ _ ._ _ --..-.- --I 

D O  l 4 fj  J = IP ,N  
-----_ _ .-~  --..-.- -....- ~ .- ..- .-- -.. 

s 4 ti  T E M P ~ T E M P + W V E C r J ,9 8 (J ,K )  

M O V E  C O -D IA G O N A L  F O R M  E L E M E N T S  F O R  IT E R A T IV E  P R O C E D U R E  
L 6 i J  J = I 

-- 

..-..-. -  _ .-. ._ -_ .R IA G f.1 J .~ rA.L ~  ,..L  l ..m --m _ m .- .-.. 
S U P E R D tI1 = A(J + L ,I1  

i ? ;% i j  C O N T IN U E  
C  C IV E N S  E IG E N V A L U E  IT E R A T IO N  F R O M  S T U R M  C H A IN  O F  C O -D IA G O N A L  M IN O R S  

_ _ _ _ .~  .~  -.--l !e x A B S F IN )h ---- 
M = X A B S F IM ) 

-- --._ _ --- -._  _  -- .- -... 

C  C A L C U L A T E  N O R M  O F  M A T R IX  A N D  IN IT IA L IZ E  E IG E N V A L U E  B O U N D S  
A N O R M 2 = O IA G ( 1 ) l  + 2  

. ..p ..--.D e Z 3  : L  3 , N  _ --- 
Q i  L -l ;= S ;P E R D (  L -1 ) + * 2  

-- --_ .---~ .------.~ - - ---  -.. -. 

A N O R M 2 = D IA G (L 1 + + 2 + Q 1 L -l ~ + Q ~ L -l ~ + A N O R M 2  
2 3 ~  C O N T IN U E  

.._ A  M IS i S S U X U  l Q i 2 .L -- 
D O  2 4 8  L = l ,M  

._ I 

W J ;~ ;= A N O R M  
= - A N D R M  

~ ~ _ _  _  -. ---- L 4 .u x O N T .IN U l ..~ ---~ ~ ~  ~ ~ .--- _ --. 
E P S l = A N O R M + E P  

-- 

IF  ( E P S 1 ) 2 5 3 , 1 1 3 ’X  
2 5 3  D O  5 7 8  L = l ,M  

--- --  .-- ---- _ -.m o n s F  N F W  T R IA I V A I U F  W H ~ I F  T F S T IN G  m .m u ~  F n R  T -n -L - ._ _ ._ _ -........._ _  c  
2 6 3  T A U = ( V A L U (L )+ V A L L l L ) l /2 .9  

~ _ _ _ _ --.. 

IF  (2 .D * ( T A U - V A L L (L 1  I - E P S l )  5 7 d , 5 7 d r 2 7 ti  
D E T E R M IN E  S IG N S  O F  P R IN C IP A L  M IN O R S  

--- C H -d w .----- 

T 1 = 1 .D  

I 
w  
W  

I 

_ ~  --~ - ..---.. 

3 6 3 6  T l = S IG N F d ,T B)  
3 3 U  IF  (T l ) 4 * X & ‘ 3 7 C  

---.---~ - -._ _ IZ L f~ G * U l . 

IF = c j ~ L 1 -1 ~ ) 4 1 ; 

--.-.- .-.--- -.. .-.-- 

4 1 j ti > ;z 1 p ,3 I L 1 --1 ) + T 2 /tl  
3 O C  

C  
-- 

C O U N T  A G R E E M E N T S  IN  S IG N  (Z E R O  C O N S ID E R E D  P O S IT IV E )  - 
4 1 1 ~  IF  (T l v ) 4 4 3 1  4 2 0 , 4 3 0  
4 2 0  T 2 = T l  

_ _ _ -.---~ -- --IL -fT 7  1  4 4 1 1 .4 3 r.:~  4 3  /+  i  
4 3 3  M A T C H = M A T C H + l  

-- 

4 4 0  T l = T D  
4 5 0  C O N T IN U E  

_ _ - _ _ .._ ._ _  _ _ ~  -- .-.--L -m -m m -L --R U M S  n N  F  J G E N V A L  _ - -. ._ .-.. -I_ ~  -.. . -  ----- 



-. nn. .km__.LkL.*M. - .-..._ ~.- - 
IF I Ll-MATCH) 5...$‘,, 5:;1,>, 47L1 

471, IF (VALUtLII-TAU) 26!J, 26d3, 48,s 
4c3’1 VALU (Ll )=TAU 

.~ .--. &iLlC\.L 53L ..-.- ~. 
5d.2 VALL( Ll )=TAU 
533 CONTINUE 

GO TO 26~. 
.- ..S7LfnNTLrYUF -.--. ..-~~ ---..-.- - 
c 

..__--- __ __--~ - - ~__.. . -.-- 
EIGENVECTORS OF CO-DIAGUNAL SYMMETRIC MATRIX--INVERSE ITERATION 
M=MSUB 

(23 
733 

C 

DO 970 1=31,M 
-mCHECX&iX-REPEAIED-.m -__ 

1FtI.EQ.E) GO TO 725 
12~ ~~IVALU(I-?)-VALU~I1-(1.3E41+EPSPI 73C,725,725 

=- 
IlEI .+.I f 
TKIANGULARIZE CU-DIA~.$NAL FORM AFTER EIGENV~LUE-~UBTRACTI~N 
DO 76:, L=l,N 
VIL)=EPSZ 

-_.-. -- ..LIJ L$.~J~AG~I&.Y~.I-LL. - ,. 

I 

VTEMP=ABSFIT(Jvi)) - rp 
IF (J-N) 78fjj.772 

0 
773 -- . .---.-- I 

- _-- 
ITER=H 

--.----- .-..-. ---- -.-- - - 
C 

-LE-fLLL2%L&d36~i 
RACK SUBSTITUTE TO OBTAIN EIGENVECTOR 

860 CWNf[OL:l=‘,N 

~34-I~~~L~k~-~,2~++vf L +I 1-n I -v[ I +7 
87-i CONTINUE 

.-Lm. --...---.. .-.- ..-. --.~ ..-.--. -.~.~ -~ ~. ._.. . 

C 
GO TO (875,92::)), ITER 
PERFORM SECOND ITERATION 

__--- ~~. ..-.. ~. -. ..- --.--. flzLLLERa-.-~~-___- 



Bad DO 41~ Lz:L,N 
TF (INDEXIL-‘i))b?l ,9 ~? 

~~.___ 

k9.3 VTEMP=V (L-3.) 

933 VTEM~Q~EW+A(J, 
DO 940 J=‘1,N 

_ .--94i.- .U.JIdUl)-d&.1YLF M P _____-----__ 
GO TO (883,945). ITER 

C NORMALIZE VECTOR 
445 VNORM2=id. j 

_ _.._____ AxLJsG&.--.---- .._ 
95;; VNORMZ=VNORMZ+V ( L I+*2 

VNORM=SQRTF(VNORMZ) 
DO 960 J=l,N 

~-~._ .- -.__%hi.~lm.L J.sU~Yf.-lellYNnkL~!-~- __----__ - ~~_. ..- - - -.. ~~. 
973 CONTINUE 

C ;O;;;iON OF CO-DIAGONAL VECTORS INTO MATRIX EIGENVECTORS 

- . . ..~Lk!3m Do g8f? My --.. _- ,.-..-- -.- --. 

U(K)=ii.$ 
DO 980 J=2,N 

.Y8LLLfX I = U I K 1 + RI&KhAlaLdI-- -- .._.. -___--..-.-..--~~ 
DO 99ti J=2,N 

99!P Ai J,I )=lJ( J) 
1!s13Q SRNORM=ANORM 

- -. ---muR@-__ ---.... - -___-- 
END 
SUBROUTINE VCHEK~IRD,V,R,TEM,CC,NI,IIA) 
DIMENSION v(223,~23l,AI223,223),R(2231,CC(223l,CC~223 

. . . _ .___ MrNI- __--.___--__--. - 
DO 270 K=l,III 
DO 271 I=P,M 

m22z J l?M 
SUM=SUM+! f I, ~+v~irKl 

272 CONTINUE 
TEMI I )=SUM 

. .._______ --.27LCQhlT.lJ4.LEe-~ * = l , * * *-.-.-.‘--~-. -.-. --_ ______ DO 2 73 

SUM=S. 

1 rTEM(223) 
------.- - .--. --.- . ..-- 

- 

00 274 J=l,M 
- +TFkUJsl *v!.l, LI 

CC(I)=SUM 
273 CONT I NUE 

I 
lb 
P 
I 

II K 1 
1F;K:EQ.l) IL=2 
DO 706 II=L,III 
1FIII.EQ.K) GO TO 723d 

.-~-~ELAfEifCCf~~U...~T- Ccl11 1) 11 = 11 



Cf]NTI 7Jtj - ___-__ __--- 
)(I L=* ~Q~~~~~~~]~~~l 

-~.-- 

IF(RIK1.GT.Z) XIL=XIL+R(K)~.03$0~032 
IFIABSI$CIILI) .;:T~~L.AND.ABS(RIKI-CCIK)I.LT.XILI GO TO 799 

. . l .1. __I__----- 

-705 E;R;bITj#” 13,2E25.14,17,2E25.14r7H +u++u ) 
--..__ 

7!>9 PR.zT 7 L,XIL*CC(IL) 
id 

712 CONTINUE 
__--. 

273 CONTINUE 
280 RETURN 

-- - JzMl-- 
SUBROUTINE HAR1V,W,MIN) 

-__ ~__-.--__-_-___ 

COMMON/F203/ TBL~223~rA~112~,B~l~2)1C~l~2~,NC 
DOUBLE PRECISION TBL 

--RLUIIN urtr.~? 
tNAhk,;ASTBLIMINI 

__-----_ 

I;AX=N+I 
_______-__.--. 

FON;+:=f,IMAX 

2 1) = v-uJ.A.JfQl..)---- 
B(I)=V(I)-V(L) 

_ - -__ -_ -..-.- 

5 CONTINUE 
A(IMAX)=V(IMAX) 

___-__ __ _~--.~--__~_~ -----. .---uLl.J-H1p -.------ 
F=P,3/FLOATINI 

--__--.-.. .- 

DO 9 I=L,IMAX 
WfI)=C!I)+F I 

__--- - 
8 

~“Zlf”“” 

-___~ ---.-.-.---- 
ra 
I 

WTK)=DI I)+F 
-.--A ZONUUF _____,_-.-.-- .---. -.----- 

W(l)=U.S+W(l) 
‘f&l;;)=i;.5*W( IMAX 1 

FND -- 
SUBROUTINE HASTBLIMINI 

____-..- ---- 

COMMON/F2331 TI3L(223)tA~ll2)tBIll2)1C(llZ),D~112)1NC 
DOUBLE PRECISION TBL 

_I_-- - 
EQUIVALENCE IPItPO) 

---.. -__~----.--~ 

DIMENSION PO/21 
DATA PO / 1721 622~ 7732 51r42 0550 Bt 1641 6343 2334 6146 1213 B / 

-___-- ..- -. ..--__ I.EEr_...LMINdLBL~hlCEIllRN 
FNC=D.DGG 

~_ . ~_---- 

FI=r3,SiDu 
NC=MIN 

(NC) -- 
DB=;I /FNC 

___-.- 

IF (MOD(NCt2) .NE. 61 GO TO 99 
IF (NC.LE.222) GO TO 2 

-e.-.~T.nNT~ 1 I= 
PRiNT IPOQt NC 

13Qr~ $I;l$AT I 14H0 ILLEGAL N. tI2D I 
7 C-IF 



- .- _____.~ 
IEO=2-MOD(Nt21 
DO ci I=IEOtNQ2tIEO 
FI=FLOAT( I) 

-- .------..._SQY~Litaa--.--- -..-- ~- 
DCT=DCDS (SAVE 1 

----~ 

DST=DSINlSAVE) 
TBL( I+:1 )=GCT 

-__ ._.... -K shlzl.-_-..-~- -- .-_~.-. -. ..__.___ -.-- 
LEH-I-;” )=DST 

--- 

T;LIKtl I=-DCT 
__ __._ -- *r 

T;L(K+l)=-DST 
9 ig;Cl;;LJE 

.---.-END--p 
SUBROUTINE HARSUM 

----.--- 

COMMON/F293/ TBL(223)tA~112ftB(112~tCt~~2~tD~l~2~tNC 
DOlJBLE PRECISION TBL 

___.. ---Qo.ll~~~ n 1 
f’l’l~~b#N~~IMODIKtNX4)),NX4-(MOD(K1NX4)1~ 

---- 

f&J: b&j 
NX3 INC 3]// 
NX4=NC*; 

_ 

I 
8th 
W  
1 

BLOCK DATA 
__-...- _ _~MMmLE2ciLLmu2~~~~ 

DOUBLE PRECISION TBL 
-.-_ -- -...-.---.-.. 

DATA NC / W / 
END 

FflF 
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Appendix 3 Harmonic Response of Main Ring 

The harmonic response of the Main Ring is obtained by 

the computer program HRESPON which is listed below. Starting 

from the SYNCH output tape-HRESPON sets up the T matrix of 

Eqn. (2) by the same method used in OTRIM with the ganging 

matrix G=l. Then a set of beam element displacements is 

generated by 

H(K) = sin (0.001 x I x EE(K) + 4(J)) 

with 4(J) = 2~ (J-l) /NFI 

(Al) 

(A2 ) 

where I = harmonic number 

EL (K) = orbital distance to center of Kth beam 

element (metre) 

0 (J) is the phase difference which may take NFI 

equally spaced values on the interval 0 - 

2~r as the index J is incremented. 

For each harmonic I, HRESPON hunts on J to determine the 

phase 4(J) at which the maximum closed orbit deviation occurs. 

It also hunts on J to determine the phase at which the r.m.s. 

orbit deviation is a maximum. The ou@put lists, for each 

harmonic, 

I = harmonic number 

NM = beam element where max. orbit deviation occurred 

BMMAX = max. orbit deviation 

PHM = phase @(J) for max. orbit deviation 

NRM = beam>element where max. orbit deviation occurred 

for max. r.m.s. orbit deviation case. 
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BRMMAX = max. r.m.s. orbit deviation 

PHRM = phase $(J) for max. r.m.s. orbit deviation 

The program requires only 1 data card (1615) which specifies 

the variables - 

NHOR = 0 skip horizontal plane 

= 1 run horizontal plane 

NVERT = 8 skip vertical plane 

= 1 run vertical plane 

NHAR - highest harmonic to be run (150 in listing below) 

NFI - phase increments on interval 0 - HIT (10 in 

listing below) 

In Figure 15 and Figure 16 we have plotted the Main Ring 

harmotiic response for the horizontal and vertical planes. The 

curves have the same general form as that obtained by Laslett*. 

The positions of the maxima are in good agreement with the 

expected positions as given by (61n+v@l where m is an integer 

and vo = 20 is the integer closest to the v value. The har- 

monic response of possible surveying schemes for the Main Ring 

are typically peaked towards low harmonics 8 due to short range 

correlations. Thus, although Figures 15 and 16 have large 

peaks at high harmonics, we would expect that the residual 

harmonics will peak at the integer (20) nearest the v value 

when the harmonic response of the survey system is included. 
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